Introduction {#S0001}
============

Lower respiratory tract infections, including community-acquired pneumonia (CAP), were ranked fourth among the top 10 leading causes of death worldwide in 2018.[@CIT0001] The morbidity and mortality of patients with CAP increase with age, leading to a heavy disease burden on society.[@CIT0002] At present, the most prevalent pathogenic bacteria of adult CAP in the Chinese population are *Mycoplasma pneumoniae* and *Streptococcus pneumoniae*.[@CIT0003] Unlike in Europe and the United States, the main pathogens in China have high drug resistance.[@CIT0004] Thus, clinically effective and safe antibacterial drugs and empirical anti-infective treatment strategies are in a relatively high demand.[@CIT0005] As a novel non-fluorinated quinolone, nemonoxacin possesses a broad antibacterial spectrum and has strong efficacy.[@CIT0006] In previous studies, nemonoxacin has shown good tolerance and safety in patients with mild-to-moderate CAP, with few or minor reported adverse effects.[@CIT0007] Currently, as an antibacterial drug for adult CAP in China, it has many potential advantages but has yet to be evaluated comprehensively, as there are few cases assessing its clinical applications. Thus, in this study, we assessed the efficacy and tolerability of the use of nemonoxacin in treating outpatients with CAP.

Patients and Methods {#S0002}
====================

Study Subjects {#S0002-S2001}
--------------

Patients with CAP who were administered nemonoxacin monotherapy were selected from outpatients who visited the Department of Pulmonary and Critical Care Medicine at Shengjing Hospital of China Medical University between July and December 2018. The Guidelines for the Diagnosis and Treatment of Community-Acquired Pneumonia in Adults in China formulated by the Chinese Thoracic Society in 2016 were used as a reference for establishing CAP diagnostic criteria in this study.[@CIT0003]

Patient Characteristics {#S0002-S2002}
-----------------------

The general information and data on diagnosis, concomitant diseases, previous antibiotic exposure, and symptoms and severity of pneumonia of the patients were collected. The severity of CAP was evaluated using the CRB-65 score.[@CIT0003] In total, the score was derived by scoring four indices, with one point given for meeting each index: (1) unconsciousness, (2) respiratory rate ≥ 30/min, (3) systolic blood pressure \< 90 mmHg or diastolic blood pressure ≤ 60 mmHg, and (4) age ≥ 65 years. A score of 0 corresponded to low risk, 1--2 to intermediate risk and ≥ 3 to high risk.

Treatment and Evaluation {#S0002-S2003}
------------------------

Treatment regimens were determined by the attending physicians. Based on the patient's condition, inflammatory indicators, drug sensitivity results, and lung imaging, 500 mg of oral nemonoxacin was prescribed to be administered once daily. According to a re-examination of patient records and subsequent telephonic follow-ups, clinical efficacy and medication safety were evaluated. The main indicators evaluated were symptom improvements within 3 days of medication, including stabilization of body temperature for 24 h and significant patient-perceived improvement in symptoms such as coughing, expectorating, chest pain, and dyspnea; average duration of therapy; treatment effect defined as "cured," "improved," "unhealed" (requiring treatment plan adjustment or changing the place of consultation), or "others;" adverse drug reactions; and each patient's satisfaction with the treatment rated as "satisfied," "neutral," or "unsatisfied."

Statistical Analyses {#S0002-S2004}
--------------------

Data analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Normality was verified using the Kolmogorov--Smirnov one-sample test. P \< 0.05 was considered statistically significant. Normally distributed data are expressed as means ± standard deviations, non-normally distributed data as median (P25, P75), and categorical data as percentages.

Results {#S0003}
=======

A total of 337 patients with CAP were treated with nemonoxacin; of these, 14 patients were lost during the follow-up period. In total, information on 323 patients (132 males and 191 females) with a median age of 52 (P25, P75: 34, 61) years was collected ([Table 1](#T0001){ref-type="table"}). Based on the CRB-65 scores, 273 cases were classified as low-risk and 50 as intermediate-risk. Of 133 patients who completed the mycoplasma immunoglobulin M antibody test, 19 patients (14.29%) showed weak positive or positive results; other relevant test indicators are shown in [Table 2](#T0002){ref-type="table"}. Notably, 50 (15.48%) patients had concomitant chronic conditions, of which 9 (2.79%) patients had two or more concomitant conditions. The most common conditions were cardiovascular and cerebrovascular diseases (26, 8.05%), chronic respiratory diseases (12, 3.72%), and diabetes mellitus type 2 (10, 3.10%). Before consultation, 77 (23.82%) patients stated they used antibiotics, 53 (16.41%) patients stated they were on medications (although specific medications were unknown), and 193 (59.75%) patients denied any previous antibiotic use. Among the antibiotics used by the 77 patients, the most common antibiotics were macrolides (38, 49.35%), β-lactams (33, 42.86%), and quinolones (4, 5.19%). Among these patients, 17 (22.08%) had been treated with two or more drugs.Table 1General InformationCasesMaleFemaleCase n (%)323132 (40.87%)191 (59.13%)Age median (P25, P75)52 (34, 61)46 (32, 61)53 (34, 61)Moderate n (%)50 (15.48%)21 (42.00%)29 (58.00%)Mild n (%)273 (84.52%)111 (40.66%)162 (59.34%)Smoking n (%)28 (8.67%)24 (85.71%)4 (14.29%)No smoking n (%)293 (90.71%)106 (36.18%)187 (63.82%)Previous smoking^a^ n (%)2 (0.62%)2 (0.62%)0 (0.00%)[^1] Table 2Test IndicatorsParameters (Normal Range)Results Median (P25, P75)WBC (3.5--9.7×10\~9/L)7.79 (5.98, 10.00)NEUT (1.9--7.2×10\~9/L)5.00 (3.50, 6.90)NEUT% (43.2--71.5%)63.70 (57.30, 71.35)LYMPH (1.1--2.7×10\~9/L)1.80 (1.40, 2.20)LYMPH% (16.8--43.4%)22.40 (17.40, 29.60)HGB (110--150g/L)139.00 (128.50, 150.00)PLT (135--350×10\~9/L)239.00 (193.00, 297.00)CRP (0--8mg/L)26.00 (5.56, 46.93)CRB-65 Scores0 (273, 84.52%)\
1 (50, 15.48%)[^2]

Nemonoxacin was administered for an average of 8.24 ± 3.73 days. Based on re-examination of the patient records and subsequent telephonic follow-ups, the symptom improvement rate was 61.3% after 3 days of treatment. Upon treatment completion, 98.1% of the patients were cured or achieved symptom improvement, whereas 5 (1.55%) patients were hospitalized owing to poor treatment efficacy. One (0.31%) patient achieved symptom improvement but was later diagnosed with lung cancer.

During oral nemonoxacin treatment, one female patient experienced tolerable itching around the neck with no rash, and her symptoms resolved after completing the treatment. Two female patients developed systemic rashes with mild pruritus and no other discomfort, one on the 10th and the other on the 12th day of treatment. Dermatitis medicamentosa was considered after dermatological diagnosis, and the conditions improved after symptomatic treatment. Moreover, before drug administration, these two patients confirmed they were allergic to various drugs including β-lactams (penicillin and cephalosporins), sulfonamides (trimethoprim/sulfamethoxazole), macrolides (erythromycin and azithromycin), and quinolones (moxifloxacin and levofloxacin). Both the patients were satisfied with the anti-infective effects of nemonoxacin. Moreover, they understood and recognized the adverse reactions and felt that the adverse event onset was later and milder than with other drugs. Three instances of gastrointestinal symptoms occurred in two male patients; these mainly experienced mild tolerable symptoms of nausea without vomiting or diarrhea. After 2 days of treatment, one female patient who was mainly suffering from intolerable diarrhea was hospitalized, after which her treatment was altered. Neurological conditions and palpitations were not seen. The overall incidence of adverse reactions was 1.86% (6 patients). Based on re-examination of the patient records and follow-ups via telephone, 302 (93.50%) patients were satisfied with the treatment ([Table 3](#T0003){ref-type="table"}).Table 3Treatment EffectTreatment EffectResultAverage days of administration (days)8.24±3.73Improvement rate after 3 days of treatment n (%)198 (61.3%)Cured or improved n (%)317 (98.14%)Occurrence of adverse reactions n (%)6 (1.86%)Drug satisfaction n (%)302 (93.50%)

Discussion {#S0004}
==========

Despite the continuous increase in the number and strength of antibiotics, the incidence of CAP increases annually, and the mortality rate of critical patients remains high, especially in the elderly and those with concomitant diseases.[@CIT0008]

At present, *M. pneumoniae* is the most common CAP pathogen in China that has a high drug resistance rate in Asia. *M. pneumoniae* infection is not associated with specific clinical symptoms; moreover, no rapid and effective diagnostic methods exist for the same.[@CIT0009] Empiric atypical coverage is associated with a considerable reduction in clinical failure in hospitalized adults with CAP.[@CIT0010] We found that many of our study patients were not tested for mycoplasma antibodies before their consultation, and no dynamic re-examinations are typically performed if an antibody test provides negative results. These factors, along with the insignificant relief obtained with macrolides, lead the primary clinician to rule out the possibility of *M. pneumoniae* infection. Consequently, its diagnosis and treatment are delayed, resulting in greater economic loss and social burden. For these reasons, we believe that there are significant clinical benefits of covering atypical bacteria.

According to China Antimicrobial Surveillance statistics, the resistance rate of *S. pneumoniae* to macrolides is as high as 63.2--75.4%, and the resistance rates of *S. pneumoniae* to oral penicillin and second-generation cephalosporins are also relatively high: 24.5--36.6% and 39.9--75.40%, respectively.[@CIT0003] In the presence of such severe drug resistance, medications such as fluoroquinolones have a stronger antibacterial effect and broader antibacterial spectrum. However, some fluoroquinolones are cardiotoxic and hepatotoxic. When used clinically, rashes, psychiatric symptoms, and digestive system-related side effects are relatively common, especially in the elderly and patients with certain underlying diseases; hence, the application of fluoroquinolones is restricted.[@CIT0011],[@CIT0012] Moreover, with the broadening clinical usage of this class of drugs, the issue of drug resistance has gradually become more prominent. Therefore, the development of novel drugs that can overcome the shortcomings of fluoroquinolones is urgent.[@CIT0013]

China's CAP guidelines recommend outpatient treatment and oral medication for mild and moderate cases. Nevertheless, most patients prefer intravenous medication and can receive infusion treatments from health institutions of different levels. However, the varying efficacies of drugs not only wastes medical resources but also results in the misuse of antibiotics, increasing the risk of drug resistance. Many currently available antibiotics are administered more than once daily and require good compliance to achieve effective results. Moreover, macrolides and quinolones are concentration-dependent drugs. Although once daily administration is more convenient, the volume of intravenous liquid is usually 250 mL. For elderly patients with heart failure, this volume will exacerbate fluid burden and can lead to acute left-side heart failure in severe cases.

Nemonoxacin, a non-fluorinated quinolone drug, is extremely effective when administered orally once daily and has a broad antibacterial spectrum against Gram-positive cocci, atypical pathogens, and most Gram-negative bacteria. For treating methicillin-resistant *Staphylococcus aureus*, penicillin-resistant *S. pneumoniae*, and *Enterococcus faecium*, nemonoxacin has a higher antibacterial efficacy than other quinolones.[@CIT0014] Its site of action differs from that of fluoroquinolones, and no cross-resistance has been observed.[@CIT0015],[@CIT0016]

For outpatients, it is difficult to obtain drug sensitivity results of an infection in a timely and accurate manner, and nearly half of patients are exposed to antibiotics before this information is available. In our investigation, 77 (23.82%) patients stated clearly that they used antibiotics before consultation, the most common being macrolides (49.35%), β-lactams (42.86%), and quinolones (5.19%). Among these patients, 17 (22.08%) patients had been treated with two or more drugs. Also, 53 (16.41%) patients confirmed medication use prior to consultation, though the specific medications were unknown. Most of these patients sought treatment owing to the poor efficacy or adverse reactions of their previous treatment. As a drug with a broad antibacterial spectrum, strong antibacterial efficacy, and less tendency to being resistant, nemonoxacin is a new treatment option for clinicians and patients.

In a prospective randomized controlled study, when compared with once daily administration of 500 mg levofloxacin, a 7-day course of once daily 750- or 500-mg oral nemonoxacin had equally good efficacy and tolerability for treating mild or moderate pneumonia.[@CIT0017] Additional research showed that the peak plasma level of nemonoxacin was attained within 1--2 h of oral administration and decreased gradually over 72 h, showing its rapid onset of action and proper concentration distribution in tissues.[@CIT0018]

In the current investigation, the mean duration of therapy was 8.24 ± 3.73 days, the symptom improvement rate was 61.3% (198 patients) after 3 days of treatment, and 98.14% (317 patients) of the cases were cured or achieved symptom improvement at the end of therapy. Only 5 (1.55%) cases were hospitalized owing to poor treatment efficacy. Moreover, 50 (15.48%) patients had at least one other concomitant chronic condition and 14 (2.79%) had at least 2 concomitant chronic conditions. The most common of these conditions were cardiovascular and cerebrovascular diseases (26, 8.05%), chronic respiratory diseases (12, 3.72%), and type 2 diabetes (10, 3.10%). The concomitant conditions of these patients did not worsen during the oral treatment, and no adverse reactions such as neurological symptoms or palpitations occurred. Three patients developed dermatological symptoms and 3 patients developed gastrointestinal symptoms. The overall incidence of adverse reactions was 1.86% (6 patients). Thus, nemonoxacin showed excellent tolerability, which is consistent with the conclusions drawn from previous clinical trials conducted in China. For example, healthy subjects in China showed no serious adverse reactions after treatment with different oral doses of nemonoxacin (125--1000 mg). The main adverse reactions were mild nausea and mild rash with or without pruritus. Most abnormal laboratory findings were also mild and transient, and the subjects recovered without treatment.[@CIT0018],[@CIT0019] Compared with other quinolones, nemonoxacin has relatively weak antibacterial activity against *Mycobacterium tuberculosis*.[@CIT0020] In tuberculosis endemic areas, the initial use of fluoroquinolones for CAP is associated with a risk of delaying tuberculosis diagnosis, but using nemonoxacin can reduce this risk.[@CIT0021] It is also particularly suitable for outpatients and patients who cannot be further identified or screened for tuberculosis.

The current study has some limitations. First, retrospective studies are associated with some bias. Second, the study lacked a comparison between nemonoxacin and other antibacterial drugs. In the future, large-scale prospective studies are required to further document the efficacy and safety of nemonoxacin.

Conclusion {#S0005}
==========

As nemonoxacin has been in the market since a short time, the number of cases treated with this drug is relatively limited. Nevertheless, based on our retrospective study, we conclude that in the current situation of severe drug resistance, nemonoxacin is an emerging option for the treatment of CAP. Specifically, in outpatients with mild-to-moderate CAP, it can be used to effectively control the disease without the need for intravenous administration or inpatient treatment. This can reduce medical costs and save patients' time. Moreover, as it is associated with relatively few adverse reactions and is well tolerated, it can be safely and effectively used for treating CAP.
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[^1]: **Notes:** ^a^Previous smoking refers to having smoked once but has not been smoking for more than 1 year.

[^2]: **Abbreviations:** WBC, white blood cell; NEUT, neutrophil; NEUT%, neutrophil percentage; LYMPH, lymphocyte; LYMPH%, lymphocyte percentage; HGB, hemoglobin; PLT, platelet; CRP, C-reactive protein.
